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ARAYEA EE ST, FSIER SO AR
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HEIE N R R A R b R i E A

HEA21HZE, DNAM PP F2 AR B A e 2 A=
AR T N T R R A AR, DUORRUSER i
FEDRZH AR N R, GRSy b ik DR 2H R AR AR
IR Et (SR e YPR EAENI N S vk SN £ Ry AR b
Ay SRR D&, MR b B v Ao P B A ik [
2 N T AL B S T AR DR A 5 0 A R
20164, Voight A\ Ff (6 b 845 74 1% (the Interna-
tional HapMap Project)” $k 7519 A\ 5k K 41 B A% 15 1
Z Ff % (single nucleotide polymorphism, SNP)¥#fE £
R AT ERAT R IR T AR R A2
BRI A S ERE. 201548, BA ToRE . H.
B, K. HIBEE L2 FHUM I 2 R 5T AL [F]
SERT ALK ZH 11K (the 1000 Genomes Project) /K
B THZNBIO R RS, F4FE, JEE AR
THRI(UKTOK) K 3 17 R FIASE 3 A 58 BT 40 e o
RO S e i H SRRl SRR 22 8 A BTk 1 LRI
W EEEsE. B 7TIPA 20 E s f i, THETUE
FNER A T IR T 356 R 2 4 F 9 B A K AR 3
#(in silico data sets). Hoban%5 A4k 7 i AE R 1)
PRI, X SR g FR AR DL A T £ 55 2% v
AR RIBE AL T AT RE, 2 E U T A IR 4 2 1) H A
PRI,

TR 35 R 20 2 1 — A EE AR A 5 1) A2 AR N T A
MEFEDREA TR, BB RSB LR
P AV 5ot 3 A Y e R R BedE, AR T BRI
FEHGRIETIEM. P E R R T i He S Y
KHZM I GiaLRiiE, w7 i AR
T8 B e v R R SR IR B BT AL AE ML Marciniak
Perry!I5iR 7 3 F N EIE AL BN J5E 7
VAT S0 I B . WangZs AUt i R R
UL SR BN 78 T S RIS, A TEN
FE UL S X FRBNEY T J 1) 5 AT 9, 70 48 i ) iowe
Kb, AN B BT T T 0] S A T A 1 A% (can-
cer evolution). X7t 77 A) ik & s A0 AR 00 2 (R WL
PR TR 1) 5 AN A ST, B g A i
R U A RPTZ TERR . R A MR
LI AL 7 DL R e 4 Y A Jieb e TP 455 /5 T 52 38 11 1k ¢
JE 7. G K2 X Wang Rl 1K 2 (1 Chen s A iE—
R T HESI R R AR R R R B BT
TN HIE R L% $E(Darwinian  selection) B 1E % %,
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& A AEIR IR ik (non-Darwinian  selection), 74
KV E R T B ARG U R ER 1) Fi

TARGE LS, W RILES. BEARSE R H 20 A
FEA R THRATTVE, JUH R 5 R 2 5 e 7
T PR AT LUK e T AN T G b A7 AE — LR R R Y B
320 DLA SR A B AR, S5 GT
S SERAR, HE AR R A 2R O A B SR A st
AR A5 S, THEH — RV G R IR B AR IO RRE,
it — DA AR A v 52 31 1 25 Fhadt A
YER. Bilhn, {ERed B ARG RN, 85 Do R A=
feeis, 7B S R A G L5 b MR AR 3 1 O 5
AT ) T 12 5 R 2 X Il A 75 52 381 E ARIE R . Rk
ARSCAME T B T BRI R 40 22 5 v M R R T AR,
MEF A HEoEdt e, mHEBA RN R R IET T
fRE.

1 gt 8RR 5 1%
L1 fMHRBE 2S5 &

TEHAT AL 22 20 BT, T LS BFAAR A 1 Ol
S TR, B e T — B R Bs FL sk
THOLEEAT W4k, RSB AR, P A X el
RFNGeit-&rh, Wright™ B PIES 16 33 B 10 2%
FEAR K /NN BIHE S A2 2 Fh Gk 2 AU B ke 56 1) B 22
FEAih.

Watterson'™ /7 FLABAY, (¥ Fh BREAR R by 5] A 58738 5y
A G AT, $RH TR R R MG THE Oy

Ow=K/la,,
_ 1,1 1 1
a,=ltqytztgtti

Hod KR IR 43 B A7 i (segregating sites) I E &, nK /R FE
AR ORIGTHEIE A Tajima™ i 11196, FufILI® i
H IO+ Fay AIWu 2 H R0y LL % Zeng 25 NPT
116, 55Oy 1 BB AR AL, X e J7 40 T AT g I
SEDNA P A8 h B HR S I BUE R 1he. 2T &
G EMIEE, Fu IR T H oM HE, HoRs
R T O/ MIE, FRARE R R R R A
11>,

BEAR [ 52 48 B Fgp 2 Wright O i F4E it
(Wright’s F-statistics) ) —ME A, H T4 & WA



P EBNE: ARl 2019 4F 49 % A 4 00

(subpopulation, S)F1&LHE/A (total population, 7). [a]f]
et ForFIHUBE TG MOEI1, /N1 ForfH SR A BEA
()53 BN, T F g BRI ) R i 5 AR 1) 4 SRR
BEEDNAMN PR R R, B S A 772
WeirfllCockerham" "4 H 1 Fo Tofii A i B (Weir &
Cockerham’s unbiased Fgy). 1% /71515 75 20N TE
AT 73 (=1, ..., 1), #IFd A\DNAJF 515 B b St
HH P 25 A U A AR 358 R 930 5 000 A 58S IR AA R R/
HH TSR Fer il &

FEREAROKE b, B @ iR kKA. Hrdon
HEAR, WFAREHRRRAN: p=4N,. HudsonFll
Kaplan™ 2 H} 7 8 FL 3R ARG 179 %%
VARFEIRAEREATEAR ] s rh S R AR o i S 2H R4
BIRBER EH A Fp A LG BEREE Z B S HO A
SARE AL, REVARERLLTK, BONIURYE MR A
A, EMNEES T g & kA I E A
PEE. ABARIEREAS P51, W] R i K T 20 A B L
A, FLSER A B AT T Ryt 2 AT
SRV, H At AT I BUE AU TV, R4 € ONIKITR)
O, KRHRHIIME . J7EM A, il =
.

12 Bt BWSSIRERAHI ARk

HAR G B A R ) — DN EER R A
2. AEWEFURF AR R DN 20 22 ), T8 R B SRR 4y IRk
¥ (positive selection). #1iEFF(negative selection)F1-F
{7 % F¥ (balancing  selection) = FpK A E kK 2R
I, 52 Bk SO A AR A A 2 T 5
BRI TR EAARERT. PR G 2SO R AR A
BRI TR, SRS R 5 — 4R
Ji Sk R B 2 T v, X — IR PR B T 2R
M(hitchhiking). Fik$5 IEEFEM R, ZREFERSE
A7 5 DRI P ot A A A 55 T AP v U AR, AT A
BB RN AL IE T (purifying selection). 5 IEE A
FOEFEAFRIE, PR FRAE 2 BUE 00T — e i
THEFF BRI 18 4% 2 FE 1.

DL L Z FEVE ORI . M — St kA
W AR 0% R 1 22 i G 1 22 7 vE AT AR R YR
KB BT Ry, TR
TIEBAPE LG 75 BT T7
5, X EETTVERE S M7 I EROUL I 2 A I B AR

fltn,  op ERR 2 B b 5 3 R 4T R RS LT R
E‘JhmmSweepm]ﬂJXP—CLR(the cross-population com-
posite likelihood ratio method)™, L& YiZs APy
PBS(population branch statistic)Z i) F 3 T iEBIA
AT IR PR FIR R AL T VAR TN B SRR, 1
B8 T BB Fe . AR Vitti e AR Akey i
Sk, BTN SR, AR T AR
FREBEVE M BRIk

ERIES ARG, R TEAN R A
DR ZH 5 7 HUAS — 58 IR 7R W 2 0 RS
., ZMK/K T 00] T A g g i [N
AN TE Ao ) AR S BRI 2 e, R PR S K e b ()
A3 52, AR5 5 R PR T 4 5 2 1R ) R 4 X
S BN R (K 7 VR AT T X — R, Pollard %%
NP RN A S, RIET~19Z B F L
BB SRR E M A o R R RIS IRNAEE RN HAR I F 4
P37 Ik, AR E T3 T R B i, T ESUA T
1 FH3%E PR 1) 7 VR BE AR AE [F) — W R i A P9 sl
] R B SRS . RO B S R R L,
XP-CLRJ5 9% 7] H T e & 57 E W i 914K (domestica-
tion)id FE, Hufford%f PR 8 45 % & BT Zhou’s:
AP Bl k. K A%, {8 FXP-CLR T3
XL G EYHE N FIERE S, MM E R L
TRt 3.

BEE R B ARE RS R E, PFR AR
U IR IX e VR S St I 2L 404E ¥ 2 TR 51
B, H R (G S AT R A A A T
WRESHBIEMERG R, Flin, BRERMEAT
SR T REAEHE R A B N AR BT, ZEREAT AR
AT I CAPASE I I 326 336 B ) B e xe Y 38 64T (X 0 A —
A SRR . 2R s IR T R IR — ]
R 2G0T RBA Rk, LEAN R
B

K2 I Zeng S NPT T DHAR S, VR
4 7 Tajima’s DAIFay & Wu’s HARHK H R EFE.
Tajima’s DERI 1F 356 428 s 541 1) T 470 o fr (AT 5%
A5, R 5 52 B HAB R R T4, MiFay &
Wu's HA2 R T BB A S, 45 B K, DHARIR T
TIEIE BRI AR R, AN 5 52 3 HAh A
FRHIEEM, LERIN BT R AR I IE G B DA R0k B s AR
M 1 A [ 2 1A R 92 1) 2L Tajima’s DAS GG AT Fay
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Table 1 Classical statistics for detecting natural selection

eSS AR (AT
e F) SCRARAE e b kI, HOd AT DA s s AL (1 1 S E b \4142] A
R, MR UOCEE R OUEE R AR, gy, S/REBEI R’ T MK
T W T 2R e B 1 1 . (McDonald-Kreitman test, )
j:#/[\;jjgg\ ;j fﬁ {? ; ;J,;] g mﬁ QEI\Z EE?; ﬁ%ﬁ % ;IE ? féﬁ;;/% L % MHARs(human accelerated regions) ***"
B B SE A TR R IR AR, 10— BRI N 2 2]
e S E SRS ESRIEIRAOVE T, FOATIER J 3L B30T T B0 PR A 2R 253 Tajima’s D™, Fu & Li’s DY), Fay & Wu’s H*
T (I %6 45 Bl 2 X3k DR PRI 2 v 2 (B 9%).
JEFEA Y (selective sweep) #8452 AE L FRAR, FFAH4G 2 AL Kim & Stephan™, hmmSweep””, EHH
HTEBAPEMESE 5L R AR5 R E AR T & B L T, IX 6L FI3ER (extended haplotype homozygosity)™”, iHS
EERZAIDIRTS SE X T — A (haplotype), %S E AU ERBE P HRSE (integrated haplotype score)'®, LDD (linkage
P53 FHA7, B3 H 2 (recombination) 11 5 [RLE B C &R disequilibrium decay)*"’, XP-CLR""
BRI FE RIAE — R 2 B £, AR S — ikl
ST R BT TR, SEHBMSEF DR W 2R KIIEZE  Fy, LK AR (Lewontin-Krakauer test, LKT)'*,

2.

5, X o HRZ BIE R BRI R B (A2 2 R M LSBL(locus-specific branch length)[so], pBS"”

& Wu’s HE 56 75V T i@ 1 Gt 22 Th R ZengZs NPOiE
45 2% S EW K 36 (Ewens-Watterson test)” Bt i
XK, HEH T B A Fay and Wu's HRIEW [JHEWAS 6, DL
Je ¥4 Tajima’s D+ Fay & Wu’s HFIEW FIDHEW A3 5,
52 A DHESIGAH L, X PR A AR 5 2 B H A
FRIRE MR, FEA I IE B £ HA SE St 2 DAL

TE MR I, GrossmanZe APMT20104E 42 )
CMS(composite of multiple signals)i#t— P& T HZL
HI77 R A SR IE$E: L35 Tajima’s D, Fay & Wu’s
H, EWK 3P Fop, iHSHIXP-EHH(the cross-popula-

bk A

tion extended haplotype homozygosity), 454 1 Hiff
PEZAR M BT 00 (kI J59%: ADAFATAIHH.
DRI IX — 7y 25 R B 1 A = 2 F I B ARk B
55 KFEHAET (long-range haplotype), #iH o =4
RAZAAXS IS 2 DL JAR R A i R AR TR G845 4 . Si-
monsonZi A\ FHCMS Tk % 5 it 7 TE A B h 2
FEEFE IR EGLNIRIPPARA, FRILT X LI H
S R N IMAT 8 R A 2 B i) 2 2 ORI, A B T3
fie N IS G e 3 S 772 i P v R PR 55

13 RRAT 25 HARESR B A AT

FEHDN S OL, S MR G B A b
S A AR R R A BUBVE AR . fi] B 15 2 Al
ORI A PRI R, FEREAR G 52 BTN 0 ) 15
DU, JoVAGHIE ARG S T SE A I B (5 AR 1Y, AR
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BE— 2D TR P SR BEAT ST

— R, AT B ARIE R SR AR T 3K, R
J3 S A A A B A K SF B2 IDNA 2 45 1.
Nielsene AR LA H 7 — g i Jik: K 4 3L 41
K B RAATEAE A 5, AP 5 DX I R AR A %
SR T RIE. RIMZ IS R T REAR D)
SO0 T RAR A Y B S T 2N TR D S A AT g
N PR A RAS IR (75 72, DR R AR R A ¥ 52 B R
RSLRAIR (I LR, RAR S e B A,

T fEPEX— R, Lif1Stephan* 42 H T 2T
SR (likelihood) I it 2 B 2 ik ) 4 2 AT 4 (B
BB, — o2 ARG X)) I SNPEHE S5 it THEFAA
P, PR Bl R0 R A AR Gl o A R S X
HARIEFE, X7 B 1R ST RAR M )
EANTT ZE P 77 TH B REME,  AE )5 22 B R BB IG IE H
WA AT 3 I VP 2 R S 3 80 T IS . Horh,
REAR D S PT DR 2 07 iR Al 1, IPSMC(the pair-
wise sequentially Markovian coalescent)[65], MSMC(the
multiple sequentially Markovian coalescent)[(’(’]\ Stair-
way plot'®”), 5% TNSFS(the total number of segregating
sites as a function of sample size) /% 771 {H /& Bank 2%
NPhgg, ST RUREERIPIE T 7 ik BAR SR IX
73 1 REUR D S AN B SRR S I A B R, AT AR AE —
A BRI RN RE E R Al TR A D sk,
AJFEERNT . X B AR R R IS5 AL A AE (R 72
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YT T AR D SR BN BRI, AT RE A DL
WAL T, AR TH R AR X T, BUE TR
EXEVISRAR. IR TR PR A TR 2T LR EE
TSR AL DU # 5 v% (approximate Bayesian compu-
tation, ABC) R fe 2 B IF R 77 5. %0718 LAIL [
TR s . 15 FeikF (background selection, BGS)
AE SRR, 2 BRI A D B, FH 24
(163 545 B H AR50 50 0. Bank % A HA
R I ARL DL 3 Bk 2 DL b 3 RS T O R R RO

=

1.4 WA . HHEREARS A AREE

1 J R AR 1 B AR B 2 U I AH 25 (coalescent
event) (1) F7 A2 THEE, AT 038 A HH AR (coalescent tree)
H R F RIS ARRES, b W g2k
KA A7 A AR, 224 AT DUEARE 5 1 25 DR 2 X 3aksr
MR AR R B ARERE. T ERN B v R A 0
B L g R, B T 2 TR -OMFDM
(the maximum frequency of derived mutations)f& 5. {3
FARBEAR AT () 0 MR B, 07V Re e 1 s e
RO R KA PATRE RS, b MW A R B4
I 7 BARERE. Xl BEA S 2 B RN )
Wi, G0 A AR E A 77, MFDMAS B6E Re v Bk
FEAAR 45 K (population  structure)s K IR IE. Lifl
Wiehe!"VBE— 35 FIBF 9 TAE KB, % T SNPHHE A1)
PR B R I 7 92 B AT LAY J 21 T & (microsatellite)
s, e T EPHEN NSO & did
B SL7 A i PR R, S oGt & AT A,
R HEN T AR A TR, szt i
YangZ N2t — R 7 BT D, Gt Rk
ZITVERE, 5 DA R SRAR F A e A R BT ) s AR AR
7 A4S B HEWT sl o AN AR B
HHXF B EmAEY, 1 EREFES AT
PS5 R AP, EE T E AN TR D ME, B
BEER, BRI CLEASSZREAR g sk g2 ma () 1 50 T HEWT B
IRIGE KA.

o B B R B A R AR BOR A
WangZ A7t 3 T 25 - SR B DI JT & T SCCT(con-
ditional coalescent tree) /7%, R ¥E A F 5 AF FAR K140
BRI 3 AN T8, 23 00 G v R RS AN R HR g B
FERUR . AE 9 ol M8 FHASEAOL B8 e A B S iR AT 19 0

Mrep, S5ZFEIITENIRAIRY, Z7iERE
PR S HER R B IR R RIe SR R b, FE T
BRI AU B, SCCT i Tl /e b 1 445 44
(). ZIEIEPEMIHER: ADHIB, MCM6, APOLIFI
HBB. FF H Disanto N\ MES 10 1 IR AR T Q
PRI, AR i B AN T2 BE 1 B AR 77 7%, Ronens
NSRS T A B 52 A RIS AR BAR, SR T
THE LA AR [FJHAF (the haplotype allele frequency)
GBS FHHAF 7B 72 1% 4847135 520 1) 6 R 2H 25040
€ 7 HAR A ¥ PreCIOSS (predicting carriers of on-
going selective sweeps) 5y, BLHLEHE A S s )
SINTIIR I, %07 VE BRSNS U 8 45 A R R
AR (R AR, E— TR O S0P, Akbari s \UOE
HAF /- E 26l - JF & T iSAFE(integrated selection
of allele favored by evolution)/57%, % /715 HESCCT )y
EHEAR, BERSTERORNEENIZH  BE(~5 Mbp) SRS E 17

FHE T I AL AR ) S AT DA SR A I At 2R AL Y B
SRI%EFE. Hunter-Zinck F1Clark! ' FF & [ TSel /712 AL %
TEA R H7KF Bl B B AP A £, 5 HAR DT
LRI AT R B, TSel J7 VA AL AN [R] B 18] )ROBE A 4
R AR T AR RE S LU I 4 AR

2 BT MR A BRI

fE EREAZ A, TP E AR KR e
TR DR 2 25 & Iy 7 e G, ] g i
B p FAEME. B4R BRr RS mikr—K
Pk, SchriderflKern!”* s g5\ Ky, FEIX RS LR, MR
— MRS SR AT S BT R MG R Tk
Al REAR AN, N5 HE 58 KL 52 2] 07 7. AN
TRMG T FE TR AR . BB A B T
R, HLEs 2 31 5 vk mT DLE B E 23 =2
PP 2R AL T 320 T 4R R H YU (the  curse of
dimensionality)" &St 7%, Wlas % 2] 7k B REE M
e, L A Ty R B RS R A

ERIENN Lk =2 D IR S ST e S Y 41
B )P WS e s 5y S R Ak 2
SPGB S) B K Bk 2 4 56 18 (prior
knowledge) I 1H L T R ILEHE S b I B AE 1. FEHE
s TR 21 22 0 9 R AR B T 02 B I 3 Ay g3 it
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(principal component analysis, PCA )2 $L 78 [ ¢ I B 2%
21, e DAARH 4 R R R B BEAE SN, SR e AR
BN AE BERAR IR B e, DA 73 3 6 J5 R Rt e SRE2K.
X FR 72, 903 BR8P A AN SR A (] (1)
R4 K FAiE. NovembreZs A Mfd FIPCAZMHT 13192
2 RN N TSNP, & IIIX LM 1) SR 2RI I AE 1R
RFRRE BB T AME PR R B OC R, A B
SR TR BAE I 25808 4E (training. set) #EAT 1125, H
HH BT AT B K AT B 25 (K 2 (labeled data), BI4E2%
A NBE A BL IR . S U Y A
HAER G, KRB IR . T AT AR
RIS, B FIEAWER, Bk b, frt
R R VHERG. S HF M E ML (support vector machine,
SVM), Boosting, BEHLFR#(random forest), R I
(decision tree), FHZEM %% (neural network)#lJE 1A I
(SRS

FERFAR RSO T, B E RIS KEH A
R EHE FH T HLES 7 ) BRI R, (AR DR A4 i 3t
I, ATREMEDASRAS 2% 2 A PR EE. AT DA
FEAE A IR E S o). R B S N R R D
I3 Fr%(labeled), TR %A, HAEZRIERSRES
BB e S H TR kA
AR, 2 ) B A R B R (agent) PRI (envir-
onment) f117 5l (actions) = A FELH B 7, Y AEfAIE
S H . B KSR R T, LABEIEL &
N 18] PN B KA T 22 Jl (reward ) (01 75018 3% 1) H #5.
Googlejift N DeepMind 2 7 FF K& [ AlphaZeroigh F 2] 1
Ak STEEDY . T T M ST I 5,
e B A ST RIBRA A o H AT EE I T BRI DR A 20t 5T
W JE SO B R R AR S S A B
ST RLH.

I AR, BEA BRI, ML 5 ) Bk RS 315
LA GGt S ik BRI, (H R BRI A AE AT
REBRiaG. B0, FE40 A B2 2 h i SRR R E AL
I, 7N NI EEE H T T 55 0] R A R 8 (kernel
function), WIREIEEIRK, % & B E R 2 X A
M, EFRAS N 22ty R g R 22 FHEE TR R EAN
NBESHIA B 2B, DARIREE R E 2% 1
AT EN B E 1 JE 5 518 (prior knowledge), £14>
BB R M DLARE IR 0] R, BRI TIG VA i 145
e DUHE 7 o048 7 8RS E A, A oG
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S FT A AT AE 5% 0 B A e 22 X 245 1Y) BA 4 (black-
box)”, {11, ZeilerFlFergus® 4 H 19+ %A (deconvo-
lution) Mk 2wl A2 fif B 5 A #4284 (convolutional
neural network, CNN)FI—F22ik. 42125 R85
VR R AR BBk, HRTiBHA R 2 M
SFRM AT, AlphaZero MU FH T 3A62: 3], ik
5 T A R 28 X 48 1 SR R V5 4% 2 (Monte - Carlo
tree search, MCTS) & vE™, 27 i1t 4561 FI 4 Bh
TR, B A ke 1) L

21 BHB¥IS5BERESE

FEFNE IR — RO, AR W Sk
B RERR T IERE T MER ST BB RIER
. Pavlidis®: AU Sz 5 ) BOHLIG A 22 M i B
GiAE—ilE, RIMZEEERNIEERG R BT S
PGt 2ok, JUFE—ma), A E R A
SETIF ST BT AN A 49K 2 I Lins A g 5 4k — 261
2827 21 W 5 1 Boosting, #-0y, 0,, Oy, Tajima’s D, Fay &
Wu’s HULJZiHHIX 644 M G0 1 H 5 25 5 o —NMREE )
&, ATEEINE. R X o B RIEFE AR
SFAE, ZITEEH T AN S5 3R (classifier): T 2GfE
FHEE— A e 3 TN N B0Hs =& 5 2 B B SRk H¢,
S A a8 ifE S — PRI R 1) 2 B INERIE
SRV (bottleneck). HRAEBoosting7r FE 2545 Hi HIAL
HEAR, & LA EA R ST N, ARSR TR
D E SR PRI B AR BB RE B AF FC R IR, FER AT B
KA AR IESERT, iHHAE IR AL S A MG B Mfeda
WU S % AT 1) SRR, 0,55 AR o0y NHHTE
KX H ARG B AN, AE — TR I A 5T
SchriderfKern* & FIBEHLAR AR T7 12, % B AR 2
HAT T RS2

TERFAR D LA SR IEB B A Al T 7 T, A IR
2 ST E IS T B AT RCR.  SheehanflSong ™ 4%
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Population genomics: From classical statistics to supervised learning
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It is essential to understand how the patterns of genetic variation in organisms have been shaped by different evolutionary forces, such
as mutation, natural selection, genetic drift, population structure, and population size change. In recent years, with the rapid
innovation of next-generation sequencing technology, we are facing the new era of population genomics. The relevant population
genomics methods can be classified as classical statistics and supervised learning. The classical statistics methods include many
popular ones for detecting natural selection and inferring the parameters of demography, which are based on single or multiple
combined statistics. The supervised learning methods may promise a new paradigm to make sense of large datasets in the genomic
era. Here a brief introduction was first given on the important theory in population genomics. Then we overviewed the recent research
progress in population genomics and shared our perspectives on its future development.
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